6-Methoxy-2-methylsulfonylquinoline-4-carbonyl chloride was found to be a highly sensitive fluorescence derivatization reagent for both primary and secondary alcohols in high-performance liquid chromatography. Its reactivity was investigated for l-propanol, benzyl alcohol, cyclohexanol, and 1-hexanol. The reagent reacted with the alcohols or phenol in benzene in the presence of pyridine to produce the corresponding fluorescent esters, which could be separated on a reversed-phase column, Cosmosil 5C18-AR, with aqueous 70% (v/ v) acetonitrile. The detection limits (S/ N=3) were 0.07 pmol for 1-propanol, 0.1 pmol for 1-hexanol and for benzyl alcohol, and 0.7 pmol for cyclohexanol for an injection volume of 10 µl. In recent years, various fluorescence derivatization reagents have been reported for the determination of alcohols by high-performance liquid chromatography (HPLC) with precolumn derivatization, i.e., coumarin derivatives such as 4-diazomethyl-7-methoxycoumarin1, 7-dimethylaminocoumarin-3-isocyanate2, 3-chloroformyl-7-methoxycoumarin3 and 7-methoxycoumarin-3-(and 4)-carbonyl azides;4 quinoxaline derivatives such as 3,4-dihydro-6,7-dimethoxy-4-methyl-3-oxoquinoxaline-2-carbonyl chlorides and azide;6 naphthalene derivatives such as 4-dimethylamino-l-naphthoyl nitrile', (+)-and (-)-2-methyl-l,1'-binaphthalene-2'-carbonyl nitrile8, naphthyl isocyanate9 and 2-dansylethyl chloroformate hydrochloride; 10 benzofuran derivative such as 2-(5-chlorocarbonyl-2-oxazolyl)-5,6-methylenedioxybenzofuran. 11 Quinoline derivatives as well as coumarin, quinoxaline and naphthalene derivatives, are also widely-known fluorescent compounds, e.g., quinine sulfate. Beale et al. 12 have recently been reported that 3-benzoyl-2-quinolinecarboxyaldehyde is useful as a fluorescence derivatization reagent of primary amines. As far as we know, however, the quinoline derivatives, except for the aldehyde, have not been applied as a fluorescence derivatization reagent to HPLC with a fluorescence detector.
In a previous study13, several 6-methoxyquinoline-4-carboxylic acid derivatives containing S-atom at 2-position of quinoline ring were synthesized, and the fluorescence quantum yields of these compounds measured. Then, 6-methoxy-2-methylsulfonylquinoline-4-carboxylic acid (MSQC) was found to have the highest fluorescence quantum yield, and its ethyl ester showed the highest fluorescence intensity in acetonitrile and alcohol, which have been widely used as components of the mobile phase in reversed-phase HPLC. In this work we, therefore, synthesized 6-methoxy-2-methylsulfonylquinoline-4-carbonyl chloride (MSQCCl) as a useful fluorescence derivatization reagent for primary and secondary alcohols in reversed-phase HPLC. In order to investigate its reactivity with alcohols, 1-propanol, 1-hexanol and benzyl alcohol (primary alcohols), and cyclohexanol (secondary alcohol) were used as model compounds. MSQC-Cl reacted with these alcohols in benzene in the presence of pyridine to produce the corresponding fluorescent esters. The esters were separated on a reversed-phase column with aqueous 70% (v/ v) acetonitrile.
Experimental

Apparatus
All of the melting points (uncorrected) were determined with a Yanagimoto micro-melting-point apparatus.
Infrared (IR) spectra were recorded in KBr tablets with a Hitachi 270-30 IR spectrophotometer. Mass spectra (MS) were taken on a JEOL DX302 spectrometer. Proton nuclear magnetic resonance (1H-NMR) spectra were recorded with a JEOL JNM-GX400 spectrometer using tetramethylsilane as an internal standard. The fluorescence quantum yield (using quinine sulfate solution in 0.05 M H2S04 as a standard solution) was measured with a Hitachi F-4000 fluorescence spectrophotometer in a 1 OX 10 mm quartz cell.
Reagents and materials All of the chemicals were of reagent grade. Deionized and distilled water was used. All of the solvents (Luminazol) were purchased from Wako Pure Chemical Industries for measuring the fluorescence quantum yield. Pyridine was dried over KOH pellets, then distilled and stored in the presence of Molecular Sieves 4A 1 / 16 (Nacalai Tesque, Kyoto, Japan). Benzene was dried over Molecular Sieves 4A 1 / 16, then distilled and stored in the presence of sodium metal. The other organic solvents were distilled and dried in the usual manner.
Synthesis of MSQC-CI (Fig. 1) MSQC (0.4 g, 1.4 mmol) was added to SOC12 (5 ml) and refluxed under stirring for 30 min at 80° C. Excess SOC12 was evaporated to dryness in a stream of N2 in vacuo. The residue was dissolved in anhydrous benzene (20 ml), and then filtered. Petroleum ether was added to the filtrate; the resulting precipitates were collected by filtration to give 0.35 g (yield 82%) of MSQC-Cl, which was recrystallized from benzene-petroleum ether to give yellow needles of mp 175 -176°C.
Anal General procedure for preparing fluorescent compounds (1) (2) (3) (4) (5) (6) (7) (8) (9) Anhydrous benzene solution (15 ml) of MSQC-Cl (0.135 g) was added to an anhydrous benzene solution (5 ml) containing each alcohol or phenol (1 ml) and anhydrous pyridine (4 drops). After the mixture was allowed to stand for 30 min at room temperature, it was washed with a 0.5 M NaHCO3 solution and H2O. After the separated benzene layer was dried over Na2SO4, the Fig. 1 Synthetic route of MSQC-C1 and esters. Table   1 Appearance and analytical data of MSQC derivatives of alcohols and phenol solvent was distilled off and the residue recrystallized to give 1-9. The analytical and spectral data of these MSQC derivatives are listed in Tables 1 and 2,  respectively. Derivatization procedure A 0.1 mM sample solution (0.2 ml) in benzene, 4 mM MSQC-Cl solution (0.6 ml) in benzene and 1 M pyridine solution (0.1 ml) in benzene were placed into a screwcapped 1.0 ml-Mini Vial (GL Sciences, Japan). The vial was tightly capped and heated at 100° C for 60 min. After cooling, the reaction mixture was diluted 20 times with acetonitrile; the resulting solution (10 µl) was injected to chromatograph.
HPLC apparatus and conditions
A JASCO 880-PU high-performance liquid chromatograph equipped with a Rheodyne 7125 injector (10 µl loop), a Shimadzu C-R4A Chromatopac and a JASCO FP 210 spectrofluorometer fitted with a 12 µl flow cell were used. The spectrometer was monitored at an excitation wavelength of 355 nm and an emission wavelength of 457 nm. A Cosmosil C18-AR column (particle size 5 µm, 150X4.6 mm i.d., Nacalai Tesque, Kyoto, Japan) was employed at ambient temperature. Acetonitrile-water (7 : 3, v/ v) was used as a mobile phase at a flow rate of 0.5 ml/ min. Results and Discussion
Structures of compounds 1-9
The elemental analysis and spectral data shown in Tables 1 and 2 , respectively, were consistent with the assigned structure of compounds 1-9. Fluorescence properties of MSQG Cl and compounds 1-9
The fluorescence quantum yields and corrected fluorescence emission maxima (excited at 366 nm) of MSQC-Cl and compounds 1-9 in various solvents are shown in Table 3 . The fluorescence quantum yields diminished, and the emission maxima migrated to shorter upon decreasing the polarity of the solvent. The quantum yields of compounds 1-7 were especially higher in acetonitrile and methanol, that are widely used for reversed-phase HPLC as the mobile phase. The phenyl ester (9) of MSQG, however, has a lower quantum yield than do primary alkyl esters (1) (2) (3) (4) (5) (6) (7) (8) .
Separation of MSQC derivatives
The MSQC derivatives of 1-propanol, benzyl alcohol, cyclohexanol and 1-hexanol were subjected to a separation study on a reversed-phase column (Cosmosil 5C18) using aqueous acetonitrile as the mobile phase. An aqueous 70% (v/ v) methanol solution used as a mobile phase caused a delay in elution with peak Table 2 Spectral data for MSQC derivatives of alcohols and phenol broadening. At acetonitrile concentrations higher than 80% (v/v), the peak for 1-propanol overlapped the reagent-blank peak, while the acetonitrile concentrations lower than 60% (v/ v) took longer to elute with a broadening of the peak. The most suitable separation was obtained by using aqueous 70% (v/ v) acetonitrile as the mobile phase. A typical chromatogram of the MSQC derivatives of the alcohols obtained under the recommended HPLC conditions is shown in Fig. 2 .
Derivatization conditions
The uncorrected fluorescence-emission maximum of MSQC derivative of 1-hexanol was observed at 457 nm with excitation at 355 nm in the mobile phase. Figure 3 shows the time course of the fluorescence development of 1-hexanol during a reaction with MSQC-Cl in various solvents. Since very little water contained in the reaction solvents decomposed MSQC-Cl and inhibited the derivatization of alcohols, the reaction solvents must be thoroughly dehydrated. In the solvents examined regarding derivatization, benzene provided the highest reaction yield of 1-hexanol in the recommended derivatization procedure.
A higher reaction temperature allowed the yield of the reaction between 1-hexanol and MSQC-Cl to increase more rapidly (in the range 30 -120° C); the reaction yield for 1-hexanol reached a maximum and constant values after heating at 90 -120° C for 60 min or longer. Thus, heating for 60 min at 100° C was employed in the recommended procedure.
Pyridine accelerated the reaction yield. Since the maximum reaction yield for 1-hexanol was achieved at a pyridine concentration range of 0.5 -2.0 M, a 1.0 M pyridine solution was selected for this procedure.
Since the highest and most constant reaction yields for 1-hexanol (0.02 mM) were obtained at MSQC-C1 concentrations greater than ca. 1.6 mM, 2.4 mM was used.
The reaction yield of the fluorescent derivative from 1-hexanol under these conditions was obtained as ca. 85% by a comparison of the peak area for the compound 6 (0.02 mM).
Calibration curves, precision and detection limits
The retention times and detection limits of the MSQC derivatives of alcohols and phenol are listed in Table 4 . The MSQC derivatives of alcohols and phenol were eluted within 15 min under the recommended procedure. The detection limits (S/ N=3) for the primary and secondary alcohols were at the low 0.1 pmol and 0.7 pmol levels, respectively. The relationships between the peak areas and the amounts of 1-propanol, 1-hexanol and benzyl alcohol were linear from 0.2 to 88 pmol per 10 µl injection volume (corresponded to 2 µM to 0.8 mM in sample solution) and of cyclohexanol from 0.6 to 88 pmol (corresponded to 6 µM to 0.8 mM in sample solution). The precision was established by repeated determination (n=6) using a mixture of the four alcohols (each concentration was 10 µmol). The relative standard deviations were 3.8% (1-propanol), 3.4% (1-hexanol), no!).
2.8% (benzyl alcohol) and 3.4% (cyclohexaIn conclusion, the newly designed derivatization reagent (MSQC-Cl) was able to be synthesized and was available for the determination of primary and secondary alcohols by reversed-phase HPLC with fluorescence detection. Table 4 Retention times and detection limits of the MSQC derivatives of alcohols and phenol a. The amount in the injection volume (10 µl) giving a signalto-noise ratio of 3.
